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ABSTRACT  
   
Aboveground net primary production (ANPP) is an important ecosystem process 
that, in drylands, is most frequently limited by water availability. Water availability for 
plants is in part controlled by the water holding capacity of soils. Available water holding 
capacity (AWHC) of soils is strongly influenced by soil texture and depth. This study 
drew upon localized rain gauge data and four data-sets of cover-line and biomass data to 
estimate ANPP and to determine annual precipitation (PPT). I measured soil depth to 
caliche and texture by layer of 112 plots across the four landscape units for which 
estimation of ANPP were available. A pedotransfer function was used to estimate AWHC 
from soil depth increments to depth of caliche measurements and texture analysis. These 
data were analyzed using simple and multivariate regression to test the effect of annual 
precipitation and available water holding capacity on aboveground net primary 
production. Soil texture remained constant among all plots (sandy loam) and depth to 
caliche varied from 15.16 cm to 189 cm. AWHC and the interaction term (PPT*AWHC) 
were insignificant (p=0.142, p=0.838) and annual PPT accounted for 18.4% of the 
variation in ANPP. The y-intercept was significantly different for ANPP ~ annual PPT 
when considering AWHC values either above or below 3 cm.  Shrub ANPP was 
insensitive to precipitation regardless of AWHC (R2=-0.012, R2=0.014). Results from 
this study indicate that a model incorporating annual PPT and AWHC may not serve as a 
good predictor for ANPP at a site level where there is little variation in soil texture. 
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INTRODUCTION 
Drylands are of global importance because they support one third of the global 
population, up to 55% of the world’s cultivated systems and about 50% of the world’s 
livestock (Davies et al., 2014).  Drylands are characterized by having low and variable 
precipitation and represent 30-35% of Net Primary Production on land (Field, 
Behrenfeld, Randerson, & Falkowski, 1998). It is predicted that precipitation regimes 
will continue to change in the future (Lauenroth, & Adler, 2013; Christensen, J. H. 
Hewitson et al., 2007) and the viability of dryland ecosystems to predicted changes in 
climate is of concern (Flombaum, Yahdjian, & Sala, 2017).  
Aboveground Net Primary Production (ANPP)  is a measurable variable that can 
be used to assess the functioning of an ecosystem (Sala, Jackson, Mooney, & Howarth, 
2000) and to infer about ecosystem changes in response to climatic conditions. 
Considering an applied perspective, ANPP estimates are used to predict available forage , 
stocking rates, and to manage wildlife populations (Byrne et al., 2013). Ultimately the 
relationships between global change drivers and ANPP are used to inform land 
management decisions and policy adaptations from local to global scales. Understanding 
ANPP responses to changes in precipitation can help stakeholders make informed 
decisions about land use and practicality of intervention methods for land management 
(Browning, Duniway, Laliberte, & Rango, 2012).  
Given the role of water as the most limiting resource in dryland ecosystems 
(Maestre et al., 2016; Noy-Meir, 1973; Reichmann, Sala, & Peters, 2013), the effect of 
precipitation (PPT) on ANPP has been well studied (Byrne et al., 2013; Gherardi & Sala, 
2015; Hsu, Powell, & Adler, 2012; Huxman et al., 2004; Peters, Yao, Sala, & Anderson, 
2012; Reichmann et al., 2013; Sala, Parton, Joyce, & Lauenroth, 1988; Sala, Gherardi, 
Reichmann, Peters, & Jobbagy, 2012). For various regions there is a strong spatial 
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relationship between ANPP and mean annual precipitation (Sala et al., 1988). Within the 
Central Grassland region annual PPT accounted for more than 90% of the variance in 
ANPP for major land resource areas (MLRA) (Sala et al., 1988). However, sites within a 
region can greatly differ in their sensitivity of ANPP to precipitation (Byrne et al., 2013) 
and the relationship between ANPP and precipitation is much stronger on a regional 
scale than for a specific site through time (Sala et al., 2012).   
Another variable that influences the amount of water that can be utilized by 
plants is soil water holding capacity (WHC).  Soil water holding capacity is also referred 
to as available water capacity (AWC) (Lipsius, Durner, Sommer, & Zipprich, 2002), plant 
available water (PAW) (Saxton & Rawls, 2006), available water holding capacity 
(AWHC) (Brady & Weil, 1999), or available water storage (AWS)(Soil Survey Staff 
(Natural Resources Conservation Services), n.d.). WHC describes the water content in 
soils that is available for uptake by plants and is considered as the difference in water 
held between field capacity and permanent wilting point (Brady & Weil, 1999; Lipsius et 
al., 2002; Saxton & Rawls, 2006; Soil Survey Staff (Natural Resources Conservation 
Services), n.d.).  
Available water holding capacity (AWHC) is influenced by several factors, 
including soil texture, organic matter content, soil depth, and rooting depth, (Brady & 
Weil, 1999). Out of these factors, soil texture and depth most greatly determine the water 
holding capacity of soils (Clapp & Hornberger, 1978; Cosby, Hornberger, Clapp, & Ginn, 
1984; Saxton, Rawls, Romberger, & Papendick, 1986; Singh, Milchunas, & Lauenroth, 
1998).  General influences of soil texture on available water holding capacity 
demonstrate a relationship where finer texture has greater water holding capacity and 
coarser texture has less water holding capacity (Brady & Weil, 1999; Rowell, 1994). The 
inverse-texture-hypothesis explains that in arid regions production should be greater on 
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coarse textured soils (low available water holding capacity) than on fine textured soils 
(high available water holding capacity). Using data from 9,498 sites within the central 
grassland region of the US, Sala et al (1988) showed that the inverse texture hypothesis 
was supported and a crossover point occurs at 370 mm/yr. Below the crossover point 
annual precipitation was less than 370 mm/yr and soils with less water holding capacity 
(coarse textured soils) had higher production than soils with greater water holding 
capacity (fine textured soils). Above the crossover point annual precipitation was greater 
than 370 mm/yr and production was lower on low water holding capacity soils (coarse 
textured soils) but production was higher on higher water holding capacity soils (fine 
textured soils). When estimating AWHC it is also important to include the depth of the 
soil to the lower limits of the rooting zone (Lipsius et al., 2002). 
The presence of caliche, a petrocalcic horizon cemented by carbonate 
(Cunningham & Burk, 1973), influences the water availability for plants by influencing 
rooting depths (Fan, Miguez-Macho, Jobbágy, Jackson, & Otero-Casal, 2017; Hennessy, 
Gibbens, Tromble, & Cardenas, 1983) . The depths to caliche within a site can vary from 
being present at the surface to depths greater than one meter (Hennessy et al., 1983) 
Depth to caliche therefore affects the depth of the soil profile within a site and such 
depths are used to estimate the AWHC of soils.  
The relationship between precipitation and ANPP is weak when evaluating data 
from different years within the same site (Bisigato, Hardtke, & del Valle, 2013; Michael C 
Duniway et al., 2018) and soil water availability is recognized as being critical to the 
temporal and spatial dynamics of ecosystems (Singh et al., 1998).  Yet, few studies have 
investigated the effect of both precipitation and available water holding capacity on 
Above Ground Net Primary Production within a site. To better understand the combined 
effects of precipitation and available water holding capacity on ANPP. I have two 
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research questions: (1) Do differences in available water holding capacity explain 
variation in ANPP within a site? (2) As interacting variables, do available water holding 
capacity and precipitation explain the variation in ANPP better than precipitation alone? 
To test these questions I will used the model: ANPP = β0 + β1PPT + β2AWHC + 
β3PPT*AWHC. I drew from cover-line and biomass data from four different precipitation 
manipulation experiments to estimate ANPP and PPT across four landscape units. I 
obtained annual PPT data from rain gauges located near the landscape units and 
sampled 112 plots for soil texture and depth to caliche. Pedotransfer functions were used 
to estimate AWHC based on experimentally determined soil texture and depth. Simple 
and multivariate linear regression were used to test the individual and combined effects 
of PPT and AWHC on ANPP. This enabled me to investigate how much variation in 
ANPP can be attributed to variation in AWHC and how strong the model was when using 
both PPT and AWHC to account for ANPP. 
I predict that AWHC influences ANPP and that at precipitation values below the 
370 mm/yr crossover point, plots with lower AWHC will show greater ANPP than plots 
with higher AWHC. For precipitation values above the 370 mm/yr crossover point, plots 
with lower AWHC will show less ANPP than plots with higher AWHC. I further predict 
that including both AWHC and annual PPT as predictor variables will explain more of 
the variation in ANPP than if using only annual PPT as the predictor variable. 
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METHODS 
Site Description 
This study took place at the Jornada Long Term Experimental Research range 
located in the northern Chihuahua Desert of New Mexico (Figure 1). The mean annual 
precipitation is 245 mm/year of which about half occurs during late summer and the 
remainder during the winter months (Havstad, Huenneke, Schlesinger, & Monger, 
2006). The mean maximum temperature is 36℃ and evaporation is about 220 cm/year 
(Havstad et al., 2006). The study plots lie in the Alluvial Plain of the Basin floor where 
the parent material is Ancestral Rio Grande Alluvium with a typical presence of thick 
petrocalcic horizons (Havstad et al., 2006). The depth to the caliche horizon ranges from 
25 cm to over 1 m deep (Havstad et al., 2006; Soil Survey Staff (Natural Resources 
Conservation Services), n.d.). 
 
Figure 1. Location of study. This study took place at the Jornada Experimental Range which is in 
the state of New Mexico in the southwest region of the United States of America 
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Soil Collection and Analysis 
Soils were collected from four different landscape units that were set up for four 
different experiments nested within the Jornada Long Term Experimental Research 
range (Table 1)(Figure2). A total of 82 soil samples were collected of the top 10 cm from 
each plot. The top 10 cm samples were collected using a core method designed for bulk 
density measuring which involves inserting a core of known volume and excavating 
around it to securely remove and bag the soil sample. Incremental samples were 
collected using a 60 cm core divided into increments of 0-10 cm, 10-20 cm, 20-40 cm, 
and 40-60 cm. Depth to caliche was measured manually by using a 1.68 m probe 
(Brookbank, 1992; Sadras & Calvin, 2001).  
 
Figure 2. Location of sampling sites. Samples for this study were obtained from four different 
landscape units which are part of four different studies conducted by the Sala Lab at ASU for 
which datasets for ANPP were available. Study numbers on this map correspond to the study ID 
in Table 1 
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Table 1 
 
Landscape units sampled and the corresponding studies from which ANPP data were obtained 
Lands
cape 
Unit  
Study Study 
ID 
Number of 
Plots 
Sampled for 
Top 10 cm 
Soil Sample 
Number of 
Plots 
Sampled for 
60 cm Soil 
Sample 
Plot 
Dimensions 
Study Design Criteria 
4 “Water Availability 
Controls on Above-
Belowground  
Productivity 
Partitioning”  
1 40 15 2.5m x 5m Bouteloua eriopoda-
dominated pasture 
1,2,3 “Water controls on 
nitrogen 
transformations  
and stocks in an 
arid ecosystem”  
2 36 18 2.5m x 5m centered on .5m 
average height   
Prosopis glandulosa 
3 "Woody-plant 
encroachment in 
the Chihuahuan 
Desert: 
 Precipitation, 
Herbivory and 
Competition effects 
on Prosopis 
glandulosa 
 recruitment 
3 30 9 2.5m x 5m similar Prosopis 
glandulosa volume  
and Bouteloua 
eriopoda cover 
4 "A Global Network 
to Assess 
Terrestrial 
Ecosystem 
Sensitivity to 
Drought" 
4 6 6 2.5 x 2.5m closest measure to 
100% grass cover 
one small Prosopis 
glandulosa no greater 
than 15cm height in 
middle 
An overview of the studies from which ANPP data were obtained and how many plots from each study were 
sampled for this study. Landscape unit refers to the location within the Jornada Experimental Range from which 
soil samples were obtained for this study. Some studies for which ANPP data were obtained were conducted at 
the same location and therefore share the same landscape unit number. The study identifies the title of the 
published or continuing study from which ANPP data was obtained. Study ID is an arbitrary number assigned to 
each study. The number of plots sampled for the top 10 or 60 cm show how many plots within a landscape unit 
were sampled for this study and from which corresponding study the ANPP data were obtained. Plot dimensions 
and study criteria summarize the experimental design considerations that were taken for the studies from which 
ANPP data were obtained. 
 
Top 10 cm samples were immediately placed into labeled zip-locked bags and 
stored in a portable cooler with icepacks during each sample collection.  At the end of 
each collection day, the samples were transferred into aluminum weigh tins and dried for 
36 hours at 105℃. After drying, the samples were sieved using a coarse sieve to break up 
the soil and placed in new labeled zip-lock bags to be stored in a freezer until the end of 
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the field season. The 60cm cores were immediately covered with a piece of aluminum foil 
and wrapped with plastic wrap following their removal from the ground. A short wooden 
stopper was placed on the top of the core to minimize compaction and movement of the 
soil within the core during transport from the field site to the processing area. Cores 
were transported in a customized container that stabilized cores in an upright position. 
Following transport from the field to the processing area, cores were sliced into their 
incrementally marked sections using a metal saw. The top 10 cm piece was discarded, 
and the remaining core segments were capped with aluminum weigh tins. Cores were 
then dried at 105℃ for 36 hours. After drying, soils were removed from the cores and 
coarse sieved into labeled zip lock bags before being stored in a freezer until the end of 
the field season. Samples were obtained over a 1.5 month timespan from June 2018 – 
August 2018.  Samples were transported from the field site to the laboratory at ASU in 
coolers with ice-packs and placed into a freezer upon arrival at the ASU laboratory. 
Samples were stored in the laboratory freezer for half of a month before being processed 
for soil texture determination.  
To prepare samples for soil texture analysis, 13g subsamples were weighed and 
placed in new zip-lock double-bagged bags. Samples were stored in a 24 hr. quarantine 
and then dried for 24 hrs. at 60℃.  Soil particle size determination was done by using the 
method from Kettler, Doran, & Gilbert (2001). Soil samples were mixed with 3 parts 
Sodium Hexa-meta-phosphate (NaHMP) to 1 part soil and shaken using an oscillating 
shaker for 3 hours. During the 3 hours cycle, samples were manually shaken and placed 
back on the shaker every hour. The mixed solution was then passed through a 53 micron 
US3-270 sieve into a 400mL Pyrex beaker. The sand particles remained in the sieve and 
were washed onto aluminum weight boats for drying in the oven at 105℃ for a minimum 
of 24 hrs to obtain dry weight measurements. Beaker contents were left to settle for 2 
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hours before decentering the clay solution and leaving the settled silt fraction in the 
beaker. The settled silt fractions in the beakers were placed in the oven at 105℃ for a 
minimum of 24 hrs to obtain dry weight measurements. Dry mass was then used to 
determine the percent of sand, silt, and clay per sample.  
Available water holding capacity was calculated for the soil profile, to depth of 
caliche, of each plot by multiplying the water holding capacity of each increment sample 
by its increment depth and summing the total water holding capacity for each increment 
(Brady & Weil, 1999; Lipsius et al., 2002). The pedo-transfer function from Saxton & 
Rawls (2006) which uses soil texture and organic matter was used to estimate the water 
content at field capacity(-33kPa) and water content at permanent wilting point (-1500 
kPa). Organic matter of the soils sampled is known to be low ranging from about 0.1% to 
0.3% (Havstad et al., 2006; Soil Survey Staff (Natural Resources Conservation Services), 
n.d.) so a constant of 0.15 % was used. To calculate an estimate of plant available water, 
the % volume at permanent wilting point was subtracted from the % volume at field 
capacity (Brady & Weil, 1999; Lipsius et al., 2002; Saxton & Rawls, 2006). Volumetric 
water content translates to cm of water/cm depth of soil as volumetric water content is 
equal to cm of water/cm depth of soil (Rowell, 1994).  Therefore, the available water 
content (cm3/cm3) was multiplied by the depth of the increment (cm) to obtain a 
measure for available water holding capacity in cm for the entire increment. To calculate 
the available water holding capacity for the entire profile, the available water holding 
capacity of each increment was summed.  The average AWHC per increment was 
calculated from 60cm cores taken within the same landscape unit and was used for plots 
where only a 10 cm core was taken. For plots where the depth to caliche measurement 
exceeded 60 cm the AWHC of the 40-60 cm increment was used to estimate the AWHC 
of the remaining depth. The deepest increment was used, rather than an overall average, 
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because the data showed that AWHC increased with depth which could relate with an 
overall increase in the % of clay with depth. For plots where a 60cm core was taken but 
the depth to caliche measurement was less than 60cm, the difference in depth was 
subtracted starting from the lowest increment and adjusted per increment as necessary. 
 
Above Ground Net Primary Production and Annual Precipitation Data  
ANPP was estimated from datasets originating from four different studies 
(Table1) and were made available by the Sala lab at Arizona State University. For study 2, 
an edited dataset was provided that included all necessary variables (Gherardi, L. 2018). 
For study 1 (years 2016 and 2017), direct quadrat method had been used to obtain 
biomass estimates and quadrat size was used to estimate ANPP for units of (g m-2 yr-1) 
(Sala, Osvaldo et al., 2000). For studies 1 (year 2018), 3, and 4,  an indirect cover-line 
method was used and plant species cover and shrub volume were used to estimate ANPP 
in (g m-2 yr-1) by using allometric equations developed on site at the Jornada LTER 
(Gherardi & Sala, 2015). For the datasets from studies 2,3, and 4 ANPP was grouped by 
categories of “Grass”, “Shrub”, “Rare species” and “Total”. The grass category included 
perennial grasses and the shrub category included the perennial shrub Prosopis 
glandulosa. The rare species category included all other plants identified as annual 
grasses, sub shrubs, annual and perennial forbs.  For study 1, the datasets from years 
2016 and 2018 only recorded Grass ANPP. The dataset for study 1 form year 2018 also 
recorded rare species and total ANPP but did not include shrub ANPP in total ANPP so 
only grass ANPP was used from the datasets from study 1.  
Monthly precipitation data was obtained from two standard rain gauges located 
near the landscape units. The first rain gauge was used to determine precipitation values 
for sites 1 and 4 and the second rain gauge was used to determine precipitation values for 
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sites 2 and 3. Monthly precipitation data was converted from inches to mm and summed 
for months January-December of each year to obtain annual precipitation values.  
 
Statistical Analysis 
Data analysis was conducted using the statistics program R (Team, 2017). A 
combination of linear and multivariate linear regressions were used to test the effect of 
annual precipitation, available water holding capacity, and their interaction on 
aboveground net primary production. Subsets of data were created for data where 
annual precipitation was less than 300 mm/yr and for data where annual precipitation 
was greater than 300 mm/yr. These two subsets were used to test the relationship 
between ANPP and AWHC above and below the crossover point of 370 mm/yr. Data 
were also grouped by AWHC into two groups where either AWHC was greater than 3 cm 
or less than 3 cm. These two groupings were used to compare the relationship between 
ANPP and annual PPT for soils of higher or lower AWHC. Linear models were tested for 
the effects of available water holding capacity, annual precipitation, and an interaction 
term on total ANPP, shrub ANPP, and grass ANPP. Models were ranked according to 
Akaike’s Information Criterion and the R2 and P values were determined for the top 3 
ranking models accounting for total ANPP, grass ANPP, and shrub ANPP. Akaike’s 
weights were also used to compare the strength of one model to the strength of the next 
closest model.  
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RESULTS 
Percent sand ranged from 80.58 to 93.10 across all sites. Percent clay ranged 
from .57% to 9.07% (Appendix A). Percent silt ranged from 4.15% to 10.92% (Appendix 
A). All soils are classified as Loamy Sand based on their texture composition. Since the 
texture was very similar across all plots, the differences in depths to caliche explain most 
of the differences in the AWHC (Figure 3) . Plots with deeper depths to caliche had a 
higher AWHC and plots with shallow depths to caliche had a lower AWHC. 
 
 
Figure 3. Boxplots of soil depth to caliche and available water holding capacity. The spread of 
the data for available water holding capacity (AWHC) is explained by the spread of the data for 
soil depth to caliche. For each landscape unit sampled, the shape of the boxplot for AWHC 
mirrors the shape of the boxplot for depth. Deeper soils had greater AWHC values and shallow 
soils had smaller AWHC values. 
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Effects of Available Water Holding Capacity on ANPP 
When comparing ANPP to AWHC below and above the crossover point of 370 
mm/yr, the relationship between ANPP and AWHC was not significant (Figure 4). Below 
the crossover point of 370 mm/yr the R2 of the model was 0.006 and the predictor 
variable AWHC was not significant (P-value = 0.299). When precipitation was greater 
than 370 mm/yr, the R2 of the model was 0.003 and the predictor variable AWHC was 
not significant (P-value = 0.616). 
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A 
 
B 
 
 
Figure 4. Effect of AWHC on total ANPP above and below the crossover point. Line shows the 
regression line for the correlation between AWHC and total ANPP above (A) and below (B) the 
crossover point of 370 mm/yr.   There is no significant effect of AWHC on ANPP below (A) or 
above (B) the crossover point of 370 mm/yr annual precipitation. 
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Effects of Precipitation and Available Water Holding Capacity on Total 
ANPP 
Using Akaike’s information criterion, the model Total ANPP ~ annual PPT + 
AWHC ranks highest with a weight of 0.434 (Table 2). That model is 1.06 times stronger 
than the next model which predicts total ANPP with only annual PPT as the independent 
variable. The model Total ANPP ~ annual PPT + AWHC has an R2 of 0.199 and annual 
PPT is significant (p-value  <0.001) while AWHC is not significant (p-value = 0.142). For 
the models ranked lower according to Akaike’s information criterion, annual PPT 
remains a significant predicting factor, while the other variables (AWHC , 
annualPPT*AWHC) are not significant. Annual PPT is more significant (p-value < 0.001) 
when it is the only predictor variable than when other predictor variables are included 
(Table 3).  
Table 2 
Summary of Akaike’s information criterion constant, delta, and weight for the models predicting total ANPP 
Model Number Variables AICc Delta Weight  
1 ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) 2828.2 0.00 0.434 
2 ANPP (g m-2 yr-1)~ annual PPT  2828.3 0.12 0.409 
3 ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) + annual 
PPT*AWHC(cm) 
2830.3 2.04 0.157 
4 *blank intercept ANPP (g m-2 yr-1)~  2879.8 51.53 0.00 
5 ANPP (g m-2 yr-1)~ AWHC(cm) 2881.7 53.49 0.00 
 
 
 
Table 3 
R2 and P values for the top 3 ranking models predicting total ANPP 
Model Number Variables Adjusted R2 P values 
1 Total ANPP (g m-2 yr-1)~ annual PPT + 
AWHC(cm) 
0.20 Annual PPT    
 
AWHC (cm)      
<0.001 
 
0.14 
2 Total ANPP (g m-2 yr-1)~ annual PPT 0.18 Annual PPT    <0.001 
3 Total ANPP (g m-2 yr-1)~ annual PPT + 
AWHC(cm) + annual PPT*AWHC(cm) 
0.19 Annual PPT    
 
AWHC(cm)     
 
Annual 
PPT*AWHC(cm)     
0.002 
 
0.489 
 
 
0.838 
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For soils with an AWHC greater than 3 cm, the model total ANPP ~ annual PPT 
has an R2 of 0.2147 and the same model has an R2 of 0.195 for soils with an AWHC less 
than 3 cm  (Figure 5). The 95% confidence interval band is narrower in the same model 
for soils with an AWHC greater than 3 cm. Regression discontinuity analysis shows that 
the y-intercept for both models is significantly different (p-value = 0.019). The average 
ANPP for the model total ANPP ~ annual PPT where AWHC is greater than 3 cm, is 
18.40 (g/m-2/yr-1) less at a specific value of annual PPT than for the same model where 
AWHC is less than 3 cm. 
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A 
 
 
B 
 
 
Figure 5.  Effect of annual PPT on total ANPP of soils above and below 3 cm AWHC.   (A) The 
relationship between ANPP and annual PPT on soils with an available water holding capacity less 
than 3 cm. (B) The relationship between ANPP and annual PPT on soils with an available water 
holding capacity greater than 3cm. Red lines show linear regression lines and gray band shows 
the 95% confidence interval.  
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The ANPP for soils with an AWHC less than 3cm remained higher than the ANPP 
for soils with an AWHC greater than 3cm across the entire precipitation gradient (Figure 
6). ANPP increased with increasing annual precipitation and the relationship between 
annual PPT and ANPP was significant for soils with an AWHC less than 3 cm (p-value = 
0.002) and for soils with an AWHC greater than 3 cm (p-value < 0.001).  
At precipitation values below the 370 mm/yr crossover point, ANPP increased with 
increasing precipitation and remained higher on soils with an AWHC less than 3 cm 
(Figure 7).  The relationship between annual PPT and total ANPP was significant (p-
value = .001) for soils with an AWHC less than 3 cm and for soils with an AWHC greater 
than 3 cm (p-value <0.001). At precipitation values above the 370 mm/yr crossover 
point, the relationship between ANPP and annual PPT was insignificant for soils with an 
AWHC below (p-value = 0.815) as well as for soils with an AWHC above (p-value = 
0.248) 3 cm AWHC. 
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Figure 6.  Effect of annual precipitation on ANPP on soils above and below 3 cm AWHC. Circular 
data points represent plots where the AWHC was less than 3 cm. Triangle data points represent 
plots where the AWHC was greater than 3 cm. Dashed line is the regression line for soils with an 
AWHC less than 3 cm and the solid line is the regression line for soils with an AWHC greater than 
3 cm.  
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A 
 
B 
 
Figure 7.   Effect of annual PPT and AWHC on total ANPP below (A) and above (B) the 370 mm/yr 
crossover point.  Circular data points represent plots where the AWHC was less than 3 cm. 
Triangle data points represent plots where the AWHC was greater than 3 cm. Dashed line is the 
regression line for soils with an AWHC less than 3 cm and the solid line is the regression line for 
soils with an AWHC greater than 3 cm. 
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Effects of Precipitation and Available Water Holding Capacity on Grass 
ANPP 
Using Akaike’s information criterion, the model Grass ANPP ~ annual PPT ranks 
highest with a weight of 0.596 (Table 4). The model is 2.45 times stronger than the next 
ranking model which predicts Grass ANPP using both annual PPT and AWHC as 
predicting factors. The R2 for both models are very close in value to one another (0.156, 
0.155) and annual PPT is significant (p-values < 0.001). AWHC and the interaction term 
annualPPT*AWHC are not significant  (Table 5). 
 
Table 4 
Summary of Akaike’s information criterion constant, delta, and weight for the models predicting grass ANPP 
Model 
Number 
Variables AICc Delta Weight  
1 Grass ANPP (g m-2 yr-1)~ annual PPT  4071.4 0.00 0.596 
2 Grass ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) 4073.2 1.79 0.243 
3 Grass ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) + 
annualPPT*AWHC(cm) 
4074.0 2.63 0.160 
4*blank 
intercept 
Grass ANPP (g m-2 yr-1)~  4134.7 63.26 0.00 
5 Grass ANPP (g m-2 yr-1)~ AWHC(cm) 4136.7 65.30 0.00 
 
Table 5 
R2 and P values for the top 3 ranking models predicting grass ANPP 
Model 
Number 
Variables Adjusted 
R2 
P values 
1 Grass ANPP (g m-2 yr-1)~ annual PPT 0.156 Annual PPT <0.001 
2 Grass ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) 0.155 Annual PPT  
AWHC 
(cm) 
<0.001 
0.618 
3 Grass ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) + 
annualPPT*AWHC(cm) 
0.155 Annual PPT  
AWHC 
(cm) 
Annual 
PPT*AWHC(cm) 
0.0167 
0.236 
0.272 
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For soils with an AWHC greater than 3 cm, the model Grass ANPP ~ annual PPT 
has an R2 of 0.224 and the same model has an R2 of 0.066 for soils with an AWHC less 
than 3 cm (Figure 8). The 95% confidence band is narrower in the same model for soils 
with an AWHC greater than 3 cm. 
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Figure 8.  Effect of annual PPT on grass ANPP of soils above and below 3 cm AWHC.   (A) The 
relationship between grass ANPP and annual PPT on soils with an available water holding 
capacity less than 3 cm. (B) The relationship between grass ANPP and annual PPT on soils with 
an available water holding capacity greater than 3 cm. Red lines show linear regression lines and 
gray band shows the 95% confidence interval.  
 
  24 
The intercept for grass ANPP for soils with an AWHC less than 3cm (64) was 
greater than the intercept for grass ANPP for soils with an AWHC greater than 3cm (43). 
Grass ANPP increased with increasing annual precipitation and the relationship between 
annual PPT and grass ANPP was significant for soils with an AWHC less than 3 cm (p-
value = 0.003) and for soils with an AWHC greater than 3 cm (p-value < 0.001) (Figure 
9).  
 
Figure 9. Effect of annual precipitation on grass ANPP on soils above and below 3 cm AWHC. 
Circular data points represent plots where the AWHC was less than 3 cm. Triangle data points 
represent plots where the AWHC was greater than 3 cm. Dashed line is the regression line for 
soils with an AWHC less than 3 cm and the solid line is the regression line for soils with an AWHC 
greater than 3 cm.  
 
 At precipitation values below the 370 mm/yr. crossover point, grass ANPP 
increased with increasing precipitation and remained higher on soils with an AWHC less 
than 3 cm (Figure 10).  The relationship between annual PPT and grass ANPP was 
significant (p-value < 0.001) for soils with an AWHC less than 3 cm and for soils with an 
AWHC greater than 3 cm (p-value < 0.001 ). At precipitation values above the 370 
  25 
mm/yr crossover point, the relationship between grass ANPP and annual PPT was 
insignificant for soils with an AWHC below (p-value = 0.930) as well as for soils with an 
AWHC above (p-value = 0.514) 3 cm AWHC. 
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Figure 10. Effect of annual PPT and AWHC on grass ANPP below (A) and above (B) the 370 
mm/yr crossover point.  Circular data points represent plots where the AWHC was less than 3 
cm. Triangle data points represent plots where the AWHC was greater than 3 cm. Dashed line is 
the regression line for soils with an AWHC less than 3 cm and the solid line is the regression line 
for soils with an AWHC greater than 3 cm. 
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Effects of Precipitation and Available Water Holding Capacity on Shrub 
ANPP 
Using Akaike’s information criterion, the model Shrub ANPP ~ annual PPT + 
AWHC ranks highest with a weight of 0.292 (Table 6). The Akaike’s weight of the next 
closest model is 0.256 which predicts Shrub ANPP using AWHC as the predicting factor. 
The third best model is Shrub ANPP ~ annual PPT with an Akaike’s weight of 0.212. The 
highest ranking model has an R2 of 0.155 and annual PPT is significant (p-value= 8.02) 
while AWHC is not significant (p-value = 0.618) (Table 7). The model ranked second 
using the Akaike’s weight has an R2 of -0.003 and AWHC is insignificant (p-value = 
0.993). The third ranking model has the same significant p-value for annual PPT and an 
R2 of 0.156. 
Table 6 
Summary of Akaike’s information criterion constant, delta, and weight for the models predicting shrub ANPP 
Model 
Number 
Variables AICc Delta Weight  
1 Shrub ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) 2425.2 0.00 0.292 
2 Shrub ANPP (g m-2 yr-1)~ AWHC(cm) 2425.5 0.26 0.256 
3 Shrub ANPP (g m-2 yr-1)~ annual PPT 2425.9 0.64 0.212 
4*blank 
intercept 
Shrub ANPP (g m-2 yr-1)~  2426.9 1.74 0.122 
5 Shrub ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) + 
annual PPT*AWHC(cm) 
2427.0 1.81 0.118 
 
Table 7 
R2 and P values for the top 3 ranking models predicting shrub ANPP 
Model 
Number 
Variables Adjusted R2 P values 
1 Shrub ANPP (g m-2 yr-1)~ annual PPT + AWHC(cm) 0.1547 Annual PPT 
 
AWHC 
(cm) 
<0.001 
 
0.618 
2 Shrub ANPP (g m-2 yr-1) ~ AWHC(cm) -0.0027 AWHC 
(cm) 
0.993 
3 Shrub ANPP (g m-2 yr-1)~ annual PPT 0.1564 Annual PPT <0.001 
 
For soils with an AWHC greater than 3 cm, the model Shrub ANPP ~ annual PPT 
has an R2 of 0.014 and the same model has an R2 of -0.012 for soils with an AWHC less 
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than 3 cm. The 95% confidence band is narrower in the same model for soils with an 
AWHC grater than 3 cm (Figure 11). 
A 
 
B 
 
Figure 11. Effect of annual PPT on shrub ANPP of soils above and below 3 cm AWHC.   (A) The 
relationship between shrub ANPP and annual PPT on soils with an available water holding 
capacity less than 3 cm. (B) The relationship between shrub ANPP and annual PPT on soils with 
an available water holding capacity greater than 3 cm. Red lines show linear regression lines and 
gray band shows the 95% confidence interval.  
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The relationship between annual PPT and shrub ANPP across the precipitation 
gradient of this study was insignificant for soils with an AWHC less than 3 cm (p-value = 
0.832) and for soils with an AWHC greater than 3 cm (p-value = 0.635)(Figure 12).  
 
 
Figure 12. Effect of annual precipitation on shrub ANPP on soils above and below 3 cm AWHC. 
Circular data points represent plots where the AWHC was less than 3 cm. Triangle data points 
represent plots where the AWHC was greater than 3 cm. Dashed line is the regression line for 
soils with an AWHC less than 3 cm and the solid line is the regression line for soils with an AWHC 
greater than 3 cm. 
 
            The relationship between shrub ANPP and annual PPT below the 370 mm/yr 
crossover point was insignificant for soils with an AWHC less than 3 cm (p-value = 
0.837) but significant for soils with an AWHC greater than 3 cm (p-value = 0.037) 
(Figure 13). Above the 370 mm/yr crossover point the relationship between shrub ANPP 
and annual PPT was significant in soils with an AWHC less than 3 cm (p-value = 0.028) 
but insignificant for soils with an AWHC greater than 3 cm (p-value = 0.278). 
 
A 
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B 
 
Figure 13. Effect of annual PPT and AWHC on shrub ANPP below (A) and above (B) the 370 
mm/yr crossover point.  Circular data points represent plots where the AWHC was less than 3 
cm. Triangle data points represent plots where the AWHC was greater than 3 cm. Dashed line is 
the regression line for soils with an AWHC less than 3 cm and the solid line is the regression line 
for soils with an AWHC greater than 3 cm. 
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DISCUSSION 
The results of this study contrast those found by (Sala et al., 1988) where soil 
water holding capacity, influenced by soil texture, had a significant effect on ANPP. In 
this study, the range of available water holding capacity was very small and all soils were 
a loamy sand texture where the percent sand of all soils from this study ranged from 
80.58 to 93.10. In the study by (Sala et al., 1988) which showed that including water 
holding capacity as a factor to account for ANPP was significant , the soil texture of the A 
horizon ranged from sandy to loamy soils. The range in water holding capacity as a 
proportion of soil dry mass was also much greater in the 1988 study (<0.05 to 0.2) than 
the range in water holding capacity as cmH2O/cm soil of this study (0.039 to 0.052). The 
Jornada Experimental Range encompasses a greater variety of soils than were included 
in this study. Soils at the Jornada include sand, loamy sand, gravelly sand, clay loam, 
and clay (Havstad et al., 2006). However, the datasets of ANPP data that were available 
for use in this study are of studies that were designed to test the influence of PPT on 
ANPP and therefore did not select for including the different soils. The minimal variation 
in AWHC and homogeneity in soil texture could explain why in this study, AWHC was 
not significant in explaining ANPP. 
Annual precipitation explained more of the variability in total and grass ANPP on 
soils with an AWHC greater than 3 cm (R2 = 0.247, R2= 0.224 ) respectively,  than on 
soils with an AWHC less than 3 cm (R2 =0.111, R 2 = 0.066). The greater strength of the 
model predicting total ANPP as a function of annual PPT on soils with an AWHC greater 
than 3 cm was reflected by the higher R2 value and the significant difference in 
intercepts.  For the purpose of this study, it was assumed that the 3cm cut-off point 
would capture the different responses of ANPP to annual PPT of the lower and upper 
range in AWHC. Duniway, Herrick, & Monger (2010) points out that vegetation 
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resilience is increased when soils can retain large amounts of plant available water for 
extended periods.  
Depth to caliche and its relation to rooting systems may explain the difference 
between shrub and grass response to annual precipitation. Grass ANPP increased with 
increasing annual precipitation but shrub ANPP was insensitive to annual PPT.  Shrubs 
can to take up water from both shallow and deep soils. Mesquite shrubs produce upward 
growing roots which can exploit shallow water by taking up water within the top 10 cm of 
soil (Gibbens & Lenz, 2001). Their roots can extend horizontally at depths 1 m above 
calcic and petrocalcic horizons to lengths up to 22m and can extend vertically down 
through the caliche to depths of 5m (Gibbens & Lenz, 2001). The ability of shrubs to take 
up both shallow water immediately following precipitation events as well as deeper 
stored water may explain why their productivity did not change along the precipitation 
gradient.  
            Grass ANPP was more responsive to increases in annual PPT than shrub ANPP. 
Black grama grass has been shown to have root systems with a radial spread of up to 95 
cm and can capture more soil water from small rainfall events due to these radially 
developed rooting systems. (Gibbens & Lenz, 2001). Grass roots, however, do not extend 
through caliche and therefore have less access to deep or stored water from calcic or 
petrocalcic horizons than shrubs do (Gibbens & Lenz, 2001). Therefore, grasses are more 
dependent on water immediately following precipitation events, than shrubs which can 
rely on stored water. This could explain why an increase in annual precipitation showed 
an increase in grass ANPP but shrub ANPP remained insensitive. 
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CONCLUSION 
Annual precipitation explained more of the variability in above ground net 
primary production than available water holding capacity and annual precipitation 
combined. AWHC did not improve the predictive power of the model. Above and below 
the crossover point of 370 mm/yr, AWHC did not have a significant effect on ANPP. The 
amount of variability in ANPP that was explained by precipitation was greater when soils 
had an AWHC greater than 3 cm. While grass ANPP was responsive to increases in 
annual precipitation, shrub ANPP was insensitive to annual precipitation.  
            Soil texture of all sampled plots was loamy sand and did not vary significantly 
across the four landscape units. This homogeneity in one of the main determining factors 
of AWHC greatly minimizes the variation in AWHC and such minimal variation in 
AWHC could explain why AWHC was insignificant in predicting ANPP. Therefore, future 
research should include landscape units within the same site that include soils aside 
from sandy loam. To better understand the available water holding capacity of soils, the 
vertical positioning of petrocalcic horizons should be considered and the water holding 
capacity of horizons cemented with carbonates should be included in evaluating the 
available water holding capacity of the entire profile. In conclusion, further research on 
this topic should include soils with greater variation in soil texture and a thorough 
investigation of calcium carbonate within the soil profile to understand the effects of 
available water holding capacity and precipitation on above ground net primary 
production. 
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Plot ID Year Annual 
PPT(mm) 
AWHC 
(cm) 
Depth 
(cm) 
% 
Sand 
%  
Silt 
% 
Clay 
AB_01 2016 423.67 4.02 82.75 89.28 7.89 2.84 
AB_01 2017 480.06 4.02 82.75 89.28 7.89 2.84 
AB_01 2018 333.38 4.02 82.75 89.28 7.89 2.84 
AB_02 2016 56.49 5.08 103.75 89.74 7.06 3.21 
AB_02 2017 64.01 5.08 103.75 89.74 7.06 3.21 
AB_02 2018 44.45 5.08 103.75 89.74 7.06 3.21 
AB_03 2016 56.49 5.36 108.95 88.73 7.65 3.62 
AB_03 2017 64.01 5.36 108.95 88.73 7.65 3.62 
AB_03 2018 44.45 5.36 108.95 88.73 7.65 3.62 
AB_04 2016 56.49 2.99 61.15 90.64 7.14 2.22 
AB_04 2017 64.01 2.99 61.15 90.64 7.14 2.22 
AB_04 2018 44.45 2.99 61.15 90.64 7.14 2.22 
AB_05 2016 141.22 3.35 61.05 88.60 7.08 4.32 
AB_05 2017 160.02 3.35 61.05 88.60 7.08 4.32 
AB_05 2018 111.13 3.35 61.05 88.60 7.08 4.32 
AB_06 2016 282.45 2.65 55.85 87.59 7.93 4.48 
AB_06 2017 320.04 2.65 55.85 87.59 7.93 4.48 
AB_06 2018 222.25 2.65 55.85 87.59 7.93 4.48 
AB_07 2016 508.41 5.75 120.05 88.95 6.87 4.19 
AB_07 2017 576.07 5.75 120.05 88.95 6.87 4.19 
  40 
AB_07 2018 400.05 5.75 120.05 88.95 6.87 4.19 
AB_08 2016 423.67 3.47 78.75 91.23 5.99 2.78 
AB_08 2017 480.06 3.47 78.75 91.23 5.99 2.78 
AB_08 2018 333.38 3.47 78.75 91.23 5.99 2.78 
AB_09 2016 141.22 5.14 102.00 88.58 7.48 3.94 
AB_09 2017 160.02 5.14 102.00 88.58 7.48 3.94 
AB_09 2018 111.13 5.14 102.00 88.58 7.48 3.94 
AB_10 2016 508.41 5.66 107.21 89.82 7.37 2.81 
AB_10 2017 576.07 5.66 107.21 89.82 7.37 2.81 
AB_10 2018 400.05 5.66 107.21 89.82 7.37 2.81 
AB_11 2016 141.22 3.74 73.45 91.06 5.77 3.17 
AB_11 2017 160.02 3.74 73.45 91.06 5.77 3.17 
AB_11 2018 111.13 3.74 73.45 91.06 5.77 3.17 
AB_12 2016 423.67 5.16 102.89 88.72 7.65 3.64 
AB_12 2017 480.06 5.16 102.89 88.72 7.65 3.64 
AB_12 2018 333.38 5.16 102.89 88.72 7.65 3.64 
AB_13 2016 282.45 2.78 58.35 86.78 7.77 5.45 
AB_13 2017 320.04 2.78 58.35 86.78 7.77 5.45 
AB_13 2018 222.25 2.78 58.35 86.78 7.77 5.45 
AB_14 2016 141.22 5.55 113.35 90.60 6.16 3.24 
AB_14 2017 160.02 5.55 113.35 90.60 6.16 3.24 
AB_14 2018 111.13 5.55 113.35 90.60 6.16 3.24 
  41 
AB_15 2016 282.45 3.71 74.35 90.02 7.47 2.51 
AB_15 2017 320.04 3.71 74.35 90.02 7.47 2.51 
 
AB_15 2018 222.25 3.71 74.35 90.02 7.47 2.51 
AB_16 2016 508.41 1.91 41.35 87.58 8.01 4.41 
AB_16 2017 576.07 1.91 41.35 87.58 8.01 4.41 
AB_16 2018 400.05 1.91 41.35 87.58 8.01 4.41 
AB_17 2016 423.67 1.95 41.35 87.08 10.58 2.34 
AB_17 2017 480.06 1.95 41.35 87.08 10.58 2.34 
AB_17 2018 333.38 1.95 41.35 87.08 10.58 2.34 
AB_18 2016 508.41 5.20 117.95 90.17 7.43 2.39 
AB_18 2017 576.07 5.20 117.95 90.17 7.43 2.39 
AB_18 2018 400.05 5.20 117.95 90.17 7.43 2.39 
AB_19 2016 56.49 1.47 32.85 91.20 6.68 2.11 
AB_19 2017 64.01 1.47 32.85 91.20 6.68 2.11 
AB_19 2018 44.45 1.47 32.85 91.20 6.68 2.11 
AB_20 2016 56.49 6.79 131.65 89.18 7.55 3.28 
AB_20 2017 64.01 6.79 131.65 89.18 7.55 3.28 
AB_20 2018 44.45 6.79 131.65 89.18 7.55 3.28 
AB_21 2016 508.41 0.69 15.65 88.85 6.61 4.54 
AB_21 2017 576.07 0.69 15.65 88.85 6.61 4.54 
AB_21 2018 400.05 0.69 15.65 88.85 6.61 4.54 
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AB_22 2016 56.49 3.34 69.35 87.44 7.62 4.94 
AB_22 2017 64.01 3.34 69.35 87.44 7.62 4.94 
AB_22 2018 44.45 3.34 69.35 87.44 7.62 4.94 
AB_23 2016 56.49 2.87 63.30 89.65 7.07 3.27 
AB_23 2017 64.01 2.87 63.30 89.65 7.07 3.27 
AB_23 2018 44.45 2.87 63.30 89.65 7.07 3.27 
AB_24 2016 282.45 1.09 24.85 91.13 6.13 2.75 
AB_24 2017 320.04 1.09 24.85 91.13 6.13 2.75 
AB_24 2018 222.25 1.09 24.85 91.13 6.13 2.75 
AB_25 2016 141.22 3.58 74.65 90.52 6.89 2.59 
AB_25 2017 160.02 3.58 74.65 90.52 6.89 2.59 
AB_25 2018 111.13 3.58 74.65 90.52 6.89 2.59 
AB_26 2016 56.49 1.06 23.15 90.25 9.14 0.60 
AB_26 2017 64.01 1.06 23.15 90.25 9.14 0.60 
AB_26 2018 44.45 1.06 23.15 90.25 9.14 0.60 
AB_27 2016 508.41 1.96 42.65 90.48 7.51 2.00 
AB_27 2017 576.07 1.96 42.65 90.48 7.51 2.00 
AB_27 2018 400.05 1.96 42.65 90.48 7.51 2.00 
AB_28 2016 282.45 6.58 132.75 89.35 8.13 2.52 
AB_28 2017 320.04 6.58 132.75 89.35 8.13 2.52 
AB_28 2018 222.25 6.58 132.75 89.35 8.13 2.52 
AB_29 2016 508.41 1.72 38.45 93.09 6.33 0.57 
  43 
AB_29 2017 576.07 1.72 38.45 93.09 6.33 0.57 
AB_29 2018 400.05 1.72 38.45 93.09 6.33 0.57 
AB_30 2016 423.67 3.24 67.55 89.01 7.55 3.44 
AB_30 2017 480.06 3.24 67.55 89.01 7.55 3.44 
AB_30 2018 333.38 3.24 67.55 89.01 7.55 3.44 
AB_31 2016 141.22 4.85 99.35 89.59 7.07 3.34 
 
AB_31 2017 160.02 4.85 99.35 89.59 7.07 3.34 
AB_31 2018 111.13 4.85 99.35 89.59 7.07 3.34 
AB_32 2016 423.67 4.47 87.85 87.93 7.67 4.41 
AB_32 2017 480.06 4.47 87.85 87.93 7.67 4.41 
AB_32 2018 333.38 4.47 87.85 87.93 7.67 4.41 
AB_33 2016 141.22 7.19 145.25 89.69 6.30 4.00 
AB_33 2017 160.02 7.19 145.25 89.69 6.30 4.00 
AB_33 2018 111.13 7.19 145.25 89.69 6.30 4.00 
AB_34 2016 423.67 3.09 64.15 89.49 9.55 0.95 
AB_34 2017 480.06 3.09 64.15 89.49 9.55 0.95 
AB_34 2018 333.38 3.09 64.15 89.49 9.55 0.95 
AB_35 2016 282.45 5.91 125.05 91.50 6.19 2.31 
AB_35 2017 320.04 5.91 125.05 91.50 6.19 2.31 
AB_35 2018 222.25 5.91 125.05 91.50 6.19 2.31 
AB_36 2016 282.45 3.15 66.05 89.44 6.74 3.82 
  44 
AB_36 2017 320.04 3.15 66.05 89.44 6.74 3.82 
AB_36 2018 222.25 3.15 66.05 89.44 6.74 3.82 
AB_37 2016 423.67 4.59 93.65 86.68 9.41 3.91 
AB_37 2017 480.06 4.59 93.65 86.68 9.41 3.91 
AB_37 2018 333.38 4.59 93.65 86.68 9.41 3.91 
AB_38 2016 141.22 0.74 16.15 88.08 8.50 3.42 
AB_38 2017 160.02 0.74 16.15 88.08 8.50 3.42 
AB_38 2018 111.13 0.74 16.15 88.08 8.50 3.42 
AB_39 2016 508.41 1.26 27.35 86.62 8.40 4.98 
AB_39 2017 576.07 1.26 27.35 86.62 8.40 4.98 
AB_39 2018 400.05 1.26 27.35 86.62 8.40 4.98 
AB_40 2016 282.45 5.62 103.90 90.38 6.75 2.87 
AB_40 2017 320.04 5.62 103.90 90.38 6.75 2.87 
AB_40 2018 222.25 5.62 103.90 90.38 6.75 2.87 
AF_01 2016 342.90 3.37 65.75 85.76 8.86 5.38 
AF_01 2017 574.24 3.37 65.75 85.76 8.86 5.38 
AF_01 2018 425.65 3.37 65.75 85.76 8.86 5.38 
AF_02 2016 190.50 2.94 49.55 85.80 8.08 6.12 
AF_02 2017 319.02 2.94 49.55 85.80 8.08 6.12 
AF_02 2018 236.47 2.94 49.55 85.80 8.08 6.12 
AF_03 2016 342.90 1.97 39.05 86.75 8.77 4.48 
AF_03 2017 574.24 1.97 39.05 86.75 8.77 4.48 
  45 
AF_03 2018 425.65 1.97 39.05 86.75 8.77 4.48 
AF_04 2016 190.50 2.98 59.35 89.69 6.23 4.07 
AF_04 2017 319.02 2.98 59.35 89.69 6.23 4.07 
AF_04 2018 236.47 2.98 59.35 89.69 6.23 4.07 
AF_05 2016 190.50 3.93 76.95 87.95 7.98 4.08 
AF_05 2017 319.02 3.93 76.95 87.95 7.98 4.08 
AF_05 2018 236.47 3.93 76.95 87.95 7.98 4.08 
AF_06 2016 190.50 5.72 112.25 91.38 5.91 2.71 
AF_06 2017 319.02 5.72 112.25 91.38 5.91 2.71 
AF_06 2018 236.47 5.72 112.25 91.38 5.91 2.71 
 
AF_07 2016 342.90 3.04 59.65 87.14 8.08 4.79 
AF_07 2017 574.24 3.04 59.65 87.14 8.08 4.79 
AF_07 2018 425.65 3.04 59.65 87.14 8.08 4.79 
AF_08 2016 38.10 5.41 105.65 89.01 7.13 3.85 
AF_08 2017 63.80 5.41 105.65 89.01 7.13 3.85 
AF_08 2018 47.29 5.41 105.65 89.01 7.13 3.85 
AF_09 2016 190.50 2.15 43.15 88.90 6.55 4.55 
AF_09 2017 319.02 2.15 43.15 88.90 6.55 4.55 
AF_09 2018 236.47 2.15 43.15 88.90 6.55 4.55 
AF_10 2016 38.10 2.71 53.05 86.41 9.71 3.88 
AF_10 2017 63.80 2.71 53.05 86.41 9.71 3.88 
  46 
AF_10 2018 47.29 2.71 53.05 86.41 9.71 3.88 
AF_11 2016 342.90 3.65 71.05 86.29 9.48 4.23 
AF_11 2017 574.24 3.65 71.05 86.29 9.48 4.23 
AF_11 2018 425.65 3.65 71.05 86.29 9.48 4.23 
AF_12 2016 190.50 6.30 122.25 89.06 9.23 1.72 
AF_12 2017 319.02 6.30 122.25 89.06 9.23 1.72 
AF_12 2018 236.47 6.30 122.25 89.06 9.23 1.72 
AF_13 2016 342.90 3.07 60.35 88.82 8.91 2.27 
AF_13 2017 574.24 3.07 60.35 88.82 8.91 2.27 
AF_13 2018 425.65 3.07 60.35 88.82 8.91 2.27 
AF_14 2016 342.90 5.37 102.95 87.50 9.95 2.55 
AF_14 2017 574.24 5.37 102.95 87.50 9.95 2.55 
AF_14 2018 425.65 5.37 102.95 87.50 9.95 2.55 
AF_15 2016 38.10 7.31 142.35 88.84 6.18 4.98 
AF_15 2017 63.80 7.31 142.35 88.84 6.18 4.98 
AF_15 2018 47.29 7.31 142.35 88.84 6.18 4.98 
AF_16 2016 342.90 2.22 44.95 90.79 5.85 3.36 
AF_16 2017 574.24 2.22 44.95 90.79 5.85 3.36 
AF_16 2018 425.65 2.22 44.95 90.79 5.85 3.36 
AF_17 2016 38.10 3.07 59.65 85.08 9.34 5.58 
AF_17 2017 63.80 3.07 59.65 85.08 9.34 5.58 
AF_17 2018 47.29 3.07 59.65 85.08 9.34 5.58 
  47 
AF_18 2016 342.90 2.39 48.85 85.03 9.16 5.81 
AF_18 2017 574.24 2.39 48.85 85.03 9.16 5.81 
AF_18 2018 425.65 2.39 48.85 85.03 9.16 5.81 
AF_19 2016 38.10 3.35 64.85 84.49 9.77 5.74 
AF_19 2017 63.80 3.35 64.85 84.49 9.77 5.74 
AF_19 2018 47.29 3.35 64.85 84.49 9.77 5.74 
AF_20 2016 190.50 2.64 48.25 83.92 10.14 5.94 
AF_20 2017 319.02 2.64 48.25 83.92 10.14 5.94 
AF_20 2018 236.47 2.64 48.25 83.92 10.14 5.94 
AF_21 2016 190.50 1.76 35.45 86.86 7.18 5.96 
AF_21 2017 319.02 1.76 35.45 86.86 7.18 5.96 
AF_21 2018 236.47 1.76 35.45 86.86 7.18 5.96 
AF_22 2016 38.10 2.55 44.75 86.62 8.26 5.12 
AF_22 2017 63.80 2.55 44.75 86.62 8.26 5.12 
 
AF_22 2018 47.29 2.55 44.75 86.62 8.26 5.12 
AF_23 2016 190.50 2.21 44.75 89.65 5.25 5.10 
AF_23 2017 319.02 2.21 44.75 89.65 5.25 5.10 
AF_23 2018 236.47 2.21 44.75 89.65 5.25 5.10 
AF_24 2016 38.10 1.97 38.85 84.49 7.70 7.81 
AF_24 2017 63.80 1.97 38.85 84.49 7.70 7.81 
AF_24 2018 47.29 1.97 38.85 84.49 7.70 7.81 
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AF_25 2016 38.10 3.75 74.35 90.90 5.29 3.81 
AF_25 2017 63.80 3.75 74.35 90.90 5.29 3.81 
AF_25 2018 47.29 3.75 74.35 90.90 5.29 3.81 
AF_26 2016 342.90 3.76 74.15 88.94 6.70 4.36 
AF_26 2017 574.24 3.76 74.15 88.94 6.70 4.36 
AF_26 2018 425.65 3.76 74.15 88.94 6.70 4.36 
AF_27 2016 38.10 1.43 30.65 86.97 8.64 4.39 
AF_27 2017 63.80 1.43 30.65 86.97 8.64 4.39 
AF_27 2018 47.29 1.43 30.65 86.97 8.64 4.39 
AF_28 2016 190.50 2.00 38.05 86.58 9.30 4.11 
AF_28 2017 319.02 2.00 38.05 86.58 9.30 4.11 
AF_28 2018 236.47 2.00 38.05 86.58 9.30 4.11 
AF_29 2016 342.90 2.52 48.95 88.60 6.01 5.39 
AF_29 2017 574.24 2.52 48.95 88.60 6.01 5.39 
AF_29 2018 425.65 2.52 48.95 88.60 6.01 5.39 
AF_30 2016 38.10 2.22 44.25 88.22 7.27 4.51 
AF_30 2017 63.80 2.22 44.25 88.22 7.27 4.51 
AF_30 2018 47.29 2.22 44.25 88.22 7.27 4.51 
DN_01 2015 63.55 1.94 44.35 88.68 6.30 5.03 
DN_01 2016 56.49 1.94 44.35 88.68 6.30 5.03 
DN_01 2017 64.01 1.94 44.35 88.68 6.30 5.03 
DN_01 2018 44.45 1.94 44.35 88.68 6.30 5.03 
  49 
DN_02 2015 317.75 1.93 41.05 88.57 5.88 5.55 
DN_02 2016 282.45 1.93 41.05 88.57 5.88 5.55 
DN_02 2017 320.04 1.93 41.05 88.57 5.88 5.55 
DN_02 2018 222.25 1.93 41.05 88.57 5.88 5.55 
DN_03 2015 317.75 7.57 145.95 86.71 8.54 4.75 
DN_03 2016 282.45 7.57 145.95 86.71 8.54 4.75 
DN_03 2017 320.04 7.57 145.95 86.71 8.54 4.75 
DN_03 2018 222.25 7.57 145.95 86.71 8.54 4.75 
DN_04 2015 63.55 3.43 76.05 88.46 7.27 4.27 
DN_04 2016 56.49 3.43 76.05 88.46 7.27 4.27 
DN_04 2017 64.01 3.43 76.05 88.46 7.27 4.27 
DN_04 2018 44.45 3.43 76.05 88.46 7.27 4.27 
DN_05 2015 63.55 1.10 23.45 87.61 8.32 4.07 
DN_05 2016 56.49 1.10 23.45 87.61 8.32 4.07 
DN_05 2017 64.01 1.10 23.45 87.61 8.32 4.07 
DN_05 2018 44.45 1.10 23.45 87.61 8.32 4.07 
DN_06 2015 317.75 2.51 54.95 88.22 7.52 4.27 
DN_06 2016 282.45 2.51 54.95 88.22 7.52 4.27 
 
DN_06 2017 320.04 2.51 54.95 88.22 7.52 4.27 
DN_06 2018 222.25 2.51 54.95 88.22 7.52 4.27 
LT_101 2006 442.47 4.04 80.50 85.91 8.72 5.38 
  50 
LT_101 2007 67.16 3.48 80.50 85.91 8.72 5.38 
LT_101 2008 295.40 4.04 80.50 85.91 8.72 5.38 
LT_101 2009 173.74 4.04 80.50 85.91 8.72 5.38 
LT_102 2006 442.47 2.76 57.90 91.12 4.15 4.74 
LT_102 2007 67.16 3.29 57.90 91.12 4.15 4.74 
LT_102 2008 295.40 2.76 57.90 91.12 4.15 4.74 
LT_102 2009 173.74 2.76 57.90 91.12 4.15 4.74 
LT_103 2006 442.47 6.43 128.60 85.83 10.01 4.16 
LT_103 2007 67.16 6.84 128.60 85.83 10.01 4.16 
LT_103 2008 531.72 6.43 128.60 85.83 10.01 4.16 
LT_103 2009 312.72 6.43 128.60 85.83 10.01 4.16 
LT_104 2006 442.47 3.48 77.30 84.19 8.83 6.98 
LT_104 2007 67.16 5.91 77.30 84.19 8.83 6.98 
LT_104 2008 59.08 3.48 77.30 84.19 8.83 6.98 
LT_104 2009 34.75 3.48 77.30 84.19 8.83 6.98 
LT_108 2006 442.47 3.29 67.30 89.04 6.30 4.66 
LT_108 2007 67.16 2.42 67.30 89.04 6.30 4.66 
LT_108 2008 59.08 3.29 67.30 89.04 6.30 4.66 
LT_108 2009 34.75 3.29 67.30 89.04 6.30 4.66 
LT_122 2006 442.47 6.14 125.90 89.10 5.97 4.94 
LT_122 2007 67.16 3.65 125.90 89.10 5.97 4.94 
LT_122 2008 531.72 6.14 125.90 89.10 5.97 4.94 
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LT_122 2009 312.72 6.14 125.90 89.10 5.97 4.94 
LT_124 2006 442.47 4.45 88.40 86.59 8.18 5.24 
LT_124 2007 67.16 8.89 88.40 86.59 8.18 5.24 
LT_124 2008 295.40 4.45 88.40 86.59 8.18 5.24 
LT_124 2009 173.74 4.45 88.40 86.59 8.18 5.24 
LT_125 2006 442.47 7.50 174.10 89.59 5.14 5.27 
LT_125 2007 67.16 4.15 174.10 89.59 5.14 5.27 
LT_125 2008 295.40 7.50 174.10 89.59 5.14 5.27 
LT_125 2009 173.74 7.50 174.10 89.59 5.14 5.27 
LT_126 2006 442.47 6.84 135.40 82.68 10.67 6.65 
LT_126 2007 67.16 3.09 135.40 82.68 10.67 6.65 
LT_126 2008 59.08 6.84 135.40 82.68 10.67 6.65 
LT_126 2009 34.75 6.84 135.40 82.68 10.67 6.65 
LT_131 2006 442.47 2.72 55.30 84.52 8.44 7.03 
LT_131 2007 67.16 6.54 55.30 84.52 8.44 7.03 
LT_131 2008 531.72 2.72 55.30 84.52 8.44 7.03 
LT_131 2009 312.72 2.72 55.30 84.52 8.44 7.03 
LT_137 2006 442.47 5.91 116.40 87.61 8.11 4.28 
LT_137 2007 67.16 5.09 116.40 87.61 8.11 4.28 
LT_137 2008 59.08 5.91 116.40 87.61 8.11 4.28 
LT_137 2009 34.75 5.91 116.40 87.61 8.11 4.28 
LT_139 2006 442.47 5.15 84.90 81.14 10.92 7.93 
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LT_139 2007 67.16 5.36 84.90 81.14 10.92 7.93 
LT_139 2008 531.72 5.15 84.90 81.14 10.92 7.93 
LT_139 2009 312.72 5.15 84.90 81.14 10.92 7.93 
LT_202 2006 442.47 4.19 81.50 86.31 7.72 5.97 
LT_202 2007 335.79 4.04 81.50 86.31 7.72 5.97 
LT_202 2008 295.40 4.19 81.50 86.31 7.72 5.97 
LT_202 2009 173.74 4.19 81.50 86.31 7.72 5.97 
LT_203 2006 442.47 2.42 50.70 89.77 4.95 5.28 
LT_203 2007 335.79 2.76 50.70 89.77 4.95 5.28 
LT_203 2008 59.08 2.42 50.70 89.77 4.95 5.28 
LT_203 2009 34.75 2.42 50.70 89.77 4.95 5.28 
LT_206 2006 442.47 3.65 75.00 84.02 9.27 6.71 
LT_206 2007 335.79 4.45 75.00 84.02 9.27 6.71 
LT_206 2008 59.08 3.65 75.00 84.02 9.27 6.71 
LT_206 2009 34.75 3.65 75.00 84.02 9.27 6.71 
LT_207 2006 442.47 3.00 64.30 88.86 5.22 5.92 
LT_207 2007 335.79 7.50 64.30 88.86 5.22 5.92 
LT_207 2008 295.40 3.00 64.30 88.86 5.22 5.92 
LT_207 2009 173.74 3.00 64.30 88.86 5.22 5.92 
LT_208 2006 442.47 7.32 144.50 88.44 6.52 5.04 
LT_208 2007 335.79 4.19 144.50 88.44 6.52 5.04 
  53 
LT_208 2008 531.72 7.32 144.50 88.44 6.52 5.04 
LT_208 2009 312.72 7.32 144.50 88.44 6.52 5.04 
LT_212 2006 442.47 8.89 189.00 82.50 9.62 7.89 
LT_212 2007 335.79 3.00 189.00 82.50 9.62 7.89 
LT_212 2008 59.08 8.89 189.00 82.50 9.62 7.89 
LT_212 2009 34.75 8.89 189.00 82.50 9.62 7.89 
LT_214 2006 442.47 4.15 81.10 88.32 7.29 4.39 
LT_214 2007 335.79 5.74 81.10 88.32 7.29 4.39 
LT_214 2008 59.08 4.15 81.10 88.32 7.29 4.39 
LT_214 2009 34.75 4.15 81.10 88.32 7.29 4.39 
LT_215 2006 442.47 5.26 91.10 83.61 9.62 6.77 
LT_215 2007 335.79 4.37 91.10 83.61 9.62 6.77 
LT_215 2008 531.72 5.26 91.10 83.61 9.62 6.77 
LT_215 2009 312.72 5.26 91.10 83.61 9.62 6.77 
LT_220 2006 442.47 5.74 117.90 84.99 9.06 5.94 
LT_220 2007 335.79 3.91 117.90 84.99 9.06 5.94 
LT_220 2008 295.40 5.74 117.90 84.99 9.06 5.94 
LT_220 2009 173.74 5.74 117.90 84.99 9.06 5.94 
LT_223 2006 442.47 5.72 103.20 89.86 6.07 4.07 
LT_223 2007 335.79 7.85 103.20 89.86 6.07 4.07 
LT_223 2008 531.72 5.72 103.20 89.86 6.07 4.07 
LT_223 2009 312.72 5.72 103.20 89.86 6.07 4.07 
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LT_231 2006 442.47 4.37 94.00 88.00 6.46 5.55 
LT_231 2007 335.79 5.39 94.00 88.00 6.46 5.55 
LT_231 2008 295.40 4.37 94.00 88.00 6.46 5.55 
LT_231 2009 173.74 4.37 94.00 88.00 6.46 5.55 
 
LT_236 2006 442.47 4.62 93.40 84.31 7.55 8.14 
LT_236 2007 335.79 4.43 93.40 84.31 7.55 8.14 
LT_236 2008 531.72 4.62 93.40 84.31 7.55 8.14 
LT_236 2009 312.72 4.62 93.40 84.31 7.55 8.14 
LT_301 2006 442.47 3.91 77.00 87.69 5.78 6.54 
LT_301 2007 604.42 6.43 77.00 87.69 5.78 6.54 
LT_301 2008 295.40 3.91 77.00 87.69 5.78 6.54 
LT_301 2009 173.74 3.91 77.00 87.69 5.78 6.54 
LT_309 2006 442.47 3.09 62.90 82.66 8.31 9.03 
LT_309 2007 604.42 6.14 62.90 82.66 8.31 9.03 
LT_309 2008 59.08 3.09 62.90 82.66 8.31 9.03 
LT_309 2009 34.75 3.09 62.90 82.66 8.31 9.03 
LT_310 2006 442.47 5.11 99.20 85.54 8.55 5.91 
LT_310 2007 604.42 2.72 99.20 85.54 8.55 5.91 
LT_310 2008 531.72 5.11 99.20 85.54 8.55 5.91 
LT_310 2009 312.72 5.11 99.20 85.54 8.55 5.91 
LT_316 2006 442.47 6.54 127.00 85.94 6.59 7.47 
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LT_316 2007 604.42 5.15 127.00 85.94 6.59 7.47 
LT_316 2008 59.08 6.54 127.00 85.94 6.59 7.47 
LT_316 2009 34.75 6.54 127.00 85.94 6.59 7.47 
LT_324 2006 442.47 7.85 152.70 88.60 6.12 5.28 
LT_324 2007 604.42 7.32 152.70 88.60 6.12 5.28 
LT_324 2008 295.40 7.85 152.70 88.60 6.12 5.28 
LT_324 2009 173.74 7.85 152.70 88.60 6.12 5.28 
LT_326 2006 442.47 4.92 96.80 89.70 5.51 4.79 
LT_326 2007 604.42 5.26 96.80 89.70 5.51 4.79 
LT_326 2008 531.72 4.92 96.80 89.70 5.51 4.79 
LT_326 2009 312.72 4.92 96.80 89.70 5.51 4.79 
LT_329 2006 442.47 4.58 90.00 89.08 6.23 4.69 
LT_329 2007 604.42 5.72 90.00 89.08 6.23 4.69 
LT_329 2008 531.72 4.58 90.00 89.08 6.23 4.69 
LT_329 2009 312.72 4.58 90.00 89.08 6.23 4.69 
LT_334 2006 442.47 5.09 97.40 80.58 10.35 9.07 
LT_334 2007 604.42 4.62 97.40 80.58 10.35 9.07 
LT_334 2008 59.08 5.09 97.40 80.58 10.35 9.07 
LT_334 2009 34.75 5.09 97.40 80.58 10.35 9.07 
LT_337 2006 442.47 5.39 114.00 91.37 4.20 4.43 
LT_337 2007 604.42 5.11 114.00 91.37 4.20 4.43 
LT_337 2008 295.40 5.39 114.00 91.37 4.20 4.43 
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LT_337 2009 173.74 5.39 114.00 91.37 4.20 4.43 
LT_340 2006 442.47 5.36 104.10 85.46 8.33 6.20 
LT_340 2007 604.42 4.92 104.10 85.46 8.33 6.20 
LT_340 2008 59.08 5.36 104.10 85.46 8.33 6.20 
LT_340 2009 34.75 5.36 104.10 85.46 8.33 6.20 
LT_341 2006 442.47 3.78 70.70 85.89 8.15 5.96 
LT_341 2007 604.42 4.58 70.70 85.89 8.15 5.96 
LT_341 2008 531.72 3.78 70.70 85.89 8.15 5.96 
 
LT_341 2009 312.72 3.78 70.70 85.89 8.15 5.96 
LT_343 2006 442.47 4.43 86.60 86.53 6.62 6.85 
LT_343 2007 604.42 3.78 86.60 86.53 6.62 6.85 
LT_343 2008 295.40 4.43 86.60 86.53 6.62 6.85 
LT_343 2009 173.74 4.43 86.60 86.53 6.62 6.85 
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Plot 
ID 
Study 
ID 
Landscape 
unit 
Year Water 
treatment 
grass_ANPP 
(g m-2 yr-1) 
shrub_ANPP 
(g m-2 yr-1) 
total_ANPP 
(g m-2 yr-1) 
AB_01 1 4 2016 4 29.85 NA NA 
AB_01 1 4 2017 4 44.21 NA NA 
AB_01 1 4 2018 4 107.34 NA NA 
AB_02 1 4 2016 1 58.20 NA NA 
AB_02 1 4 2017 1 11.38 NA NA 
AB_02 1 4 2018 1 0.00 NA NA 
AB_03 1 4 2016 1 41.75 NA NA 
AB_03 1 4 2017 1 1.42 NA NA 
AB_03 1 4 2018 1 0.00 NA NA 
AB_04 1 4 2016 1 30.60 NA NA 
AB_04 1 4 2017 1 27.52 NA NA 
AB_04 1 4 2018 1 1.61 NA NA 
AB_05 1 4 2016 2 51.00 NA NA 
AB_05 1 4 2017 2 13.09 NA NA 
AB_05 1 4 2018 2 27.30 NA NA 
AB_06 1 4 2016 3 90.80 NA NA 
AB_06 1 4 2017 3 42.39 NA NA 
AB_06 1 4 2018 3 51.05 NA NA 
AB_07 1 4 2016 5 30.95 NA NA 
AB_07 1 4 2017 5 62.47 NA NA 
AB_07 1 4 2018 5 87.90 NA NA 
AB_08 1 4 2016 4 94.85 NA NA 
AB_08 1 4 2017 4 44.97 NA NA 
AB_08 1 4 2018 4 76.86 NA NA 
AB_09 1 4 2016 2 42.35 NA NA 
AB_09 1 4 2017 2 19.11 NA NA 
AB_09 1 4 2018 2 30.38 NA NA 
AB_10 1 4 2016 5 125.95 NA NA 
AB_10 1 4 2017 5 64.73 NA NA 
AB_10 1 4 2018 5 93.01 NA NA 
AB_11 1 4 2016 2 49.75 NA NA 
 
AB_11 1 4 2017 2 43.10 NA NA 
AB_11 1 4 2018 2 26.40 NA NA 
  59 
AB_12 1 4 2016 4 110.80 NA NA 
AB_12 1 4 2017 4 55.04 NA NA 
AB_12 1 4 2018 4 135.19 NA NA 
AB_13 1 4 2016 3 78.80 NA NA 
AB_13 1 4 2017 3 51.23 NA NA 
AB_13 1 4 2018 3 154.15 NA NA 
AB_14 1 4 2016 2 42.00 NA NA 
AB_14 1 4 2017 2 40.26 NA NA 
AB_14 1 4 2018 2 185.61 NA NA 
AB_15 1 4 2016 3 53.70 NA NA 
AB_15 1 4 2017 3 21.59 NA NA 
AB_15 1 4 2018 3 64.83 NA NA 
AB_16 1 4 2016 5 57.15 NA NA 
AB_16 1 4 2017 5 50.98 NA NA 
AB_16 1 4 2018 5 137.64 NA NA 
AB_17 1 4 2016 4 36.25 NA NA 
AB_17 1 4 2017 4 45.13 NA NA 
AB_17 1 4 2018 4 170.17 NA NA 
AB_18 1 4 2016 5 56.05 NA NA 
AB_18 1 4 2017 5 37.64 NA NA 
AB_18 1 4 2018 5 124.62 NA NA 
AB_19 1 4 2016 1 47.55 NA NA 
AB_19 1 4 2017 1 18.96 NA NA 
AB_19 1 4 2018 1 231.45 NA NA 
AB_20 1 4 2016 1 39.20 NA NA 
AB_20 1 4 2017 1 14.75 NA NA 
AB_20 1 4 2018 1 27.76 NA NA 
AB_21 1 4 2016 5 61.40 NA NA 
AB_21 1 4 2017 5 48.95 NA NA 
AB_21 1 4 2018 5 4.33 NA NA 
AB_22 1 4 2016 1 53.25 NA NA 
AB_22 1 4 2017 1 21.47 NA NA 
 
AB_22 1 4 2018 1 12.78 NA NA 
AB_23 1 4 2016 1 31.55 NA NA 
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AB_23 1 4 2017 1 16.40 NA NA 
AB_23 1 4 2018 1 4.87 NA NA 
AB_24 1 4 2016 3 52.80 NA NA 
AB_24 1 4 2017 3 40.87 NA NA 
AB_24 1 4 2018 3 15.49 NA NA 
AB_25 1 4 2016 2 23.65 NA NA 
AB_25 1 4 2017 2 29.41 NA NA 
AB_25 1 4 2018 2 96.70 NA NA 
AB_26 1 4 2016 1 55.15 NA NA 
AB_26 1 4 2017 1 16.86 NA NA 
AB_26 1 4 2018 1 41.06 NA NA 
AB_27 1 4 2016 5 89.55 NA NA 
AB_27 1 4 2017 5 93.34 NA NA 
AB_27 1 4 2018 5 154.63 NA NA 
AB_28 1 4 2016 3 32.25 NA NA 
AB_28 1 4 2017 3 43.03 NA NA 
AB_28 1 4 2018 3 168.72 NA NA 
AB_29 1 4 2016 5 85.45 NA NA 
AB_29 1 4 2017 5 35.40 NA NA 
AB_29 1 4 2018 5 107.84 NA NA 
AB_30 1 4 2016 4 90.30 NA NA 
AB_30 1 4 2017 4 31.72 NA NA 
AB_30 1 4 2018 4 217.06 NA NA 
AB_31 1 4 2016 2 29.75 NA NA 
AB_31 1 4 2017 2 10.18 NA NA 
AB_31 1 4 2018 2 18.69 NA NA 
AB_32 1 4 2016 4 85.50 NA NA 
AB_32 1 4 2017 4 31.06 NA NA 
AB_32 1 4 2018 4 119.04 NA NA 
AB_33 1 4 2016 2 40.35 NA NA 
AB_33 1 4 2017 2 23.76 NA NA 
AB_33 1 4 2018 2 174.60 NA NA 
 
AB_34 1 4 2016 4 104.85 NA NA 
AB_34 1 4 2017 4 47.93 NA NA 
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AB_34 1 4 2018 4 260.29 NA NA 
AB_35 1 4 2016 3 40.70 NA NA 
AB_35 1 4 2017 3 32.20 NA NA 
AB_35 1 4 2018 3 28.98 NA NA 
AB_36 1 4 2016 3 56.95 NA NA 
AB_36 1 4 2017 3 55.92 NA NA 
AB_36 1 4 2018 3 128.48 NA NA 
AB_37 1 4 2016 4 93.30 NA NA 
AB_37 1 4 2017 4 47.12 NA NA 
AB_37 1 4 2018 4 152.59 NA NA 
AB_38 1 4 2016 2 28.75 NA NA 
AB_38 1 4 2017 2 26.40 NA NA 
AB_38 1 4 2018 2 27.95 NA NA 
AB_39 1 4 2016 5 112.95 NA NA 
AB_39 1 4 2017 5 59.60 NA NA 
AB_39 1 4 2018 5 70.62 NA NA 
AB_40 1 4 2016 3 77.70 NA NA 
AB_40 1 4 2017 3 26.28 NA NA 
AB_40 1 4 2018 3 137.80 NA NA 
AF_01 3 3 2016 5 129.40 21.67 168.07 
AF_01 3 3 2017 5 233.97 24.43 259.11 
AF_01 3 3 2018 5 170.26 57.75 231.22 
AF_02 3 3 2016 3 113.02 30.80 145.71 
AF_02 3 3 2017 3 175.53 73.35 249.34 
AF_02 3 3 2018 3 99.75 149.25 252.02 
AF_03 3 3 2016 5 78.62 17.95 103.92 
AF_03 3 3 2017 5 75.15 21.32 97.08 
AF_03 3 3 2018 5 88.26 52.89 147.17 
AF_04 3 3 2016 3 97.19 28.60 128.72 
AF_04 3 3 2017 3 117.08 47.33 164.76 
AF_04 3 3 2018 3 115.94 42.48 163.44 
AF_05 3 3 2016 3 31.67 17.27 58.80 
        
 
AF_05 3 3 2017 3 51.87 17.86 70.07 
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AF_05 3 3 2018 3 32.90 23.11 71.67 
AF_06 3 3 2016 3 129.40 10.93 151.66 
AF_06 3 3 2017 3 162.71 9.94 173.20 
AF_06 3 3 2018 3 108.63 17.67 136.54 
AF_07 3 3 2016 5 112.48 29.66 170.88 
AF_07 3 3 2017 5 126.64 34.66 161.73 
AF_07 3 3 2018 5 79.91 31.56 123.90 
AF_08 3 3 2016 1 70.98 24.82 101.04 
AF_08 3 3 2017 1 115.69 37.00 153.24 
AF_08 3 3 2018 1 85.13 49.63 147.00 
AF_09 3 3 2016 3 104.29 17.60 126.71 
AF_09 3 3 2017 3 162.99 95.33 258.81 
AF_09 3 3 2018 3 123.25 55.94 197.85 
AF_10 3 3 2016 1 10.37 24.69 37.79 
AF_10 3 3 2017 1 133.18 58.41 192.25 
AF_10 3 3 2018 1 60.58 138.78 205.19 
AF_11 3 3 2016 5 62.24 32.40 99.89 
AF_11 3 3 2017 5 149.37 70.26 220.11 
AF_11 3 3 2018 5 125.34 93.85 220.19 
AF_12 3 3 2016 3 121.76 32.50 154.26 
AF_12 3 3 2017 3 166.60 42.75 209.88 
AF_12 3 3 2018 3 115.94 81.54 197.49 
AF_13 3 3 2016 5 91.73 12.08 128.14 
AF_13 3 3 2017 5 203.13 15.81 219.67 
AF_13 3 3 2018 5 95.57 60.93 173.16 
AF_14 3 3 2016 5 70.43 15.52 96.86 
AF_14 3 3 2017 5 187.21 26.21 214.31 
AF_14 3 3 2018 5 123.25 32.69 163.77 
AF_15 3 3 2016 1 2.73 11.52 14.25 
AF_15 3 3 2017 1 61.58 22.86 84.75 
AF_15 3 3 2018 1 18.28 91.78 111.87 
AF_16 3 3 2016 5 71.53 12.59 93.34 
AF_16 3 3 2017 5 133.08 20.75 154.25 
 
AF_16 3 3 2018 5 78.86 57.30 144.19 
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AF_17 3 3 2016 1 0.00 21.72 23.39 
AF_17 3 3 2017 1 28.60 59.98 88.88 
AF_17 3 3 2018 1 13.06 197.33 213.00 
AF_18 3 3 2016 5 137.59 27.04 178.90 
AF_18 3 3 2017 5 268.63 23.73 293.13 
AF_18 3 3 2018 5 225.62 49.80 286.25 
AF_19 3 3 2016 1 137.59 18.14 170.00 
AF_19 3 3 2017 1 81.52 7.68 89.56 
AF_19 3 3 2018 1 26.64 27.54 55.58 
AF_20 3 3 2016 3 96.64 36.96 140.32 
AF_20 3 3 2017 3 227.73 59.25 287.73 
AF_20 3 3 2018 3 147.28 150.03 304.73 
AF_21 3 3 2016 3 46.96 28.54 75.50 
AF_21 3 3 2017 3 126.00 30.12 156.47 
AF_21 3 3 2018 3 87.22 77.40 167.62 
AF_22 3 3 2016 1 16.93 29.28 46.84 
AF_22 3 3 2017 1 34.36 54.10 88.69 
AF_22 3 3 2018 1 15.15 141.96 159.52 
AF_23 3 3 2016 3 87.36 18.16 111.82 
AF_23 3 3 2017 3 186.73 17.34 204.70 
AF_23 3 3 2018 3 119.08 49.18 172.47 
AF_24 3 3 2016 1 4.37 27.32 31.69 
AF_24 3 3 2017 1 159.81 37.23 197.40 
AF_24 3 3 2018 1 53.79 58.41 112.20 
AF_25 3 3 2016 1 8.74 18.40 27.14 
AF_25 3 3 2017 1 61.34 51.09 112.60 
AF_25 3 3 2018 1 58.49 151.15 209.64 
AF_26 3 3 2016 5 145.78 22.80 193.97 
AF_26 3 3 2017 5 177.99 1.52 180.03 
AF_26 3 3 2018 5 146.23 55.45 202.49 
AF_27 3 3 2016 1 7.64 12.87 20.52 
AF_27 3 3 2017 1 103.73 9.85 113.90 
AF_27 3 3 2018 1 53.27 53.43 107.71 
AF_28 3 3 2016 3 25.12 21.78 64.52 
AF_28 3 3 2017 3 65.28 28.89 94.56 
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AF_28 3 3 2018 3 27.68 66.36 96.84 
AF_29 3 3 2016 5 70.43 25.23 124.82 
AF_29 3 3 2017 5 185.27 34.17 220.04 
AF_29 3 3 2018 5 73.64 51.96 141.05 
AF_30 3 3 2016 1 1.64 19.36 21.00 
AF_30 3 3 2017 1 213.02 20.61 234.22 
AF_30 3 3 2018 1 93.48 56.32 150.61 
DN_01 4 4 2015 1 96.86 0.40 113.67 
DN_01 4 4 2016 1 117.45 0.38 127.50 
DN_01 4 4 2017 1 62.35 0.88 84.18 
DN_01 4 4 2018 1 14.27 1.04 15.31 
DN_02 4 4 2015 3 200.62 6.30 209.25 
DN_02 4 4 2016 3 93.40 5.54 104.20 
DN_02 4 4 2017 3 68.80 6.60 88.10 
DN_02 4 4 2018 3 55.17 5.29 60.46 
DN_03 4 4 2015 3 179.83 9.02 190.03 
DN_03 4 4 2016 3 182.99 10.90 194.18 
DN_03 4 4 2017 3 182.81 3.31 186.12 
DN_03 4 4 2018 3 126.84 7.77 134.61 
DN_04 4 4 2015 1 168.56 2.50 172.20 
DN_04 4 4 2016 1 166.71 1.41 171.75 
DN_04 4 4 2017 1 49.46 4.71 54.45 
DN_04 4 4 2018 1 2.19 3.51 5.70 
DN_05 4 4 2015 1 184.56 2.20 186.76 
DN_05 4 4 2016 1 166.39 1.04 167.43 
DN_05 4 4 2017 1 75.98 2.12 80.39 
DN_05 4 4 2018 1 17.90 0.57 18.47 
DN_06 4 4 2015 3 283.68 1.65 286.21 
DN_06 4 4 2016 3 244.05 7.71 258.21 
DN_06 4 4 2017 3 212.54 1.09 216.78 
DN_06 4 4 2018 3 170.64 0.63 171.27 
LT_101 2 1 2006 3 83.97 0.00 111.84 
LT_101 2 1 2007 1 38.62 18.17 57.13 
LT_101 2 1 2008 3 106.51 44.82 185.14 
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LT_101 2 1 2009 3 81.66 42.64 124.64 
LT_102 2 1 2006 3 141.29 29.94 174.03 
LT_102 2 1 2007 1 35.83 27.10 70.90 
LT_102 2 1 2008 3 168.04 17.75 201.60 
LT_102 2 1 2009 3 102.49 10.70 113.19 
LT_103 2 1 2006 5 161.36 18.62 192.98 
LT_103 2 1 2007 1 27.30 22.52 50.16 
LT_103 2 1 2008 5 125.12 9.83 177.54 
LT_103 2 1 2009 5 115.91 14.18 130.80 
LT_104 2 1 2006 1 126.84 26.69 175.01 
LT_104 2 1 2007 1 51.23 32.28 87.97 
LT_104 2 1 2008 1 94.25 19.12 168.97 
LT_104 2 1 2009 1 35.39 20.44 55.83 
LT_108 2 1 2006 1 104.62 15.26 163.80 
LT_108 2 1 2007 1 35.76 13.89 59.25 
LT_108 2 1 2008 1 113.68 65.17 191.67 
LT_108 2 1 2009 1 30.37 40.52 70.89 
LT_122 2 1 2006 5 141.48 29.64 201.42 
LT_122 2 1 2007 1 50.14 18.67 68.81 
LT_122 2 1 2008 5 177.74 7.57 237.57 
LT_122 2 1 2009 5 122.80 28.25 162.03 
LT_124 2 1 2006 3 128.22 20.91 158.12 
LT_124 2 1 2007 1 49.99 31.02 86.82 
LT_124 2 1 2008 3 159.32 23.47 182.78 
LT_124 2 1 2009 3 72.05 14.73 86.78 
LT_125 2 1 2006 3 132.95 19.16 207.07 
LT_125 2 1 2007 1 19.71 46.14 72.38 
LT_125 2 1 2008 3 88.86 29.65 179.47 
LT_125 2 1 2009 3 31.69 17.75 51.20 
LT_126 2 1 2006 1 122.06 12.16 253.28 
LT_126 2 1 2007 1 41.74 28.67 71.77 
LT_126 2 1 2008 1 92.75 29.86 227.52 
LT_126 2 1 2009 1 23.57 23.72 47.29 
LT_131 2 1 2006 5 116.30 18.34 149.55 
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LT_212 2 2 2007 3 28.87 51.18 80.05 
LT_131 2 1 2007 1 20.81 32.37 53.18 
LT_131 2 1 2008 5 155.95 9.54 165.49 
LT_131 2 1 2009 5 89.13 17.75 106.88 
LT_137 2 1 2006 1 158.99 13.86 190.92 
LT_137 2 1 2007 1 44.73 28.09 76.86 
LT_137 2 1 2008 1 120.15 37.67 170.95 
LT_137 2 1 2009 1 2.76 33.54 36.30 
LT_139 2 1 2006 5 141.13 12.99 163.36 
LT_139 2 1 2007 1 61.79 13.40 81.61 
LT_139 2 1 2008 5 167.12 16.23 186.05 
LT_139 2 1 2009 5 116.46 13.62 130.08 
LT_202 2 2 2006 3 91.27 25.62 128.23 
LT_202 2 2 2007 3 29.88 20.92 58.65 
LT_202 2 2 2008 3 133.42 36.99 172.79 
LT_202 2 2 2009 3 74.56 17.54 92.10 
LT_203 2 2 2006 1 126.10 28.04 189.09 
LT_203 2 2 2007 3 45.76 7.62 56.46 
LT_203 2 2 2008 1 83.00 12.63 167.96 
LT_203 2 2 2009 1 11.68 14.49 26.17 
LT_206 2 2 2006 1 126.52 18.53 168.45 
LT_206 2 2 2007 3 54.82 30.24 86.44 
LT_206 2 2 2008 1 115.29 38.33 174.26 
LT_206 2 2 2009 1 15.46 22.18 37.64 
LT_207 2 2 2006 3 86.67 18.10 106.14 
LT_207 2 2 2007 3 37.46 21.71 60.56 
LT_207 2 2 2008 3 96.43 40.22 142.45 
LT_207 2 2 2009 3 68.71 22.85 91.56 
LT_208 2 2 2006 5 111.25 28.85 142.56 
LT_208 2 2 2007 3 46.30 39.01 85.99 
LT_208 2 2 2008 5 152.83 34.18 188.76 
LT_208 2 2 2009 5 103.75 19.15 122.90 
LT_212 2 2 2006 1 109.58 17.04 184.51 
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LT_212 2 2 2008 1 93.07 8.04 129.13 
LT_212 2 2 2009 1 26.46 7.62 39.54 
LT_214 2 2 2006 1 80.91 19.39 141.87 
LT_214 2 2 2007 3 63.22 29.57 92.79 
LT_214 2 2 2008 1 55.45 35.69 127.07 
LT_214 2 2 2009 1 4.15 15.61 19.76 
LT_215 2 2 2006 5 167.29 36.01 232.07 
LT_215 2 2 2007 3 80.25 37.42 125.01 
LT_215 2 2 2008 5 195.10 4.34 218.83 
LT_215 2 2 2009 5 135.40 0.49 135.89 
LT_220 2 2 2006 3 111.48 25.92 173.51 
LT_220 2 2 2007 3 52.17 11.02 78.97 
LT_220 2 2 2008 3 130.07 4.36 150.88 
LT_220 2 2 2009 3 57.64 12.65 71.33 
LT_223 2 2 2006 5 124.52 30.04 159.31 
LT_223 2 2 2007 3 41.13 62.18 106.74 
LT_223 2 2 2008 5 162.30 26.69 205.80 
LT_223 2 2 2009 5 113.50 11.89 131.14 
LT_231 2 2 2006 3 132.60 12.45 172.66 
LT_231 2 2 2007 3 55.35 40.10 100.00 
LT_231 2 2 2008 3 176.50 6.35 204.57 
LT_231 2 2 2009 3 55.23 19.81 75.04 
LT_236 2 2 2006 5 117.46 26.13 149.82 
LT_236 2 2 2007 3 71.60 18.66 90.61 
LT_236 2 2 2008 5 174.06 5.45 205.03 
LT_236 2 2 2009 5 98.62 18.22 125.66 
LT_301 2 3 2006 3 33.34 21.60 86.12 
LT_301 2 3 2007 5 66.39 4.57 76.27 
LT_301 2 3 2008 3 68.46 27.09 129.03 
LT_301 2 3 2009 3 8.60 16.42 26.06 
LT_309 2 3 2006 1 124.29 27.96 161.12 
LT_309 2 3 2007 5 65.25 24.15 104.75 
LT_309 2 3 2008 1 89.83 51.21 145.17 
LT_309 2 3 2009 1 2.04 28.05 30.09 
LT_310 2 3 2006 5 80.10 16.91 148.89 
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LT_341 2 3 2007 5 133.40 12.26 148.01 
LT_310 2 3 2007 5 48.00 17.80 67.88 
LT_310 2 3 2008 5 130.67 9.39 195.71 
LT_310 2 3 2009 5 47.55 7.93 55.48 
LT_316 2 3 2006 1 71.73 36.15 123.36 
LT_316 2 3 2007 5 46.58 30.28 76.86 
LT_316 2 3 2008 1 82.41 40.24 130.05 
LT_316 2 3 2009 1 4.17 21.16 25.32 
LT_324 2 3 2006 3 56.37 26.79 111.57 
LT_324 2 3 2007 5 74.09 31.78 105.88 
LT_324 2 3 2008 3 98.26 32.67 227.58 
LT_324 2 3 2009 3 20.05 22.93 46.12 
LT_326 2 3 2006 5 101.08 35.21 165.61 
LT_326 2 3 2007 5 69.70 33.55 116.43 
LT_326 2 3 2008 5 163.53 17.23 239.84 
LT_326 2 3 2009 5 63.17 15.09 78.93 
LT_329 2 3 2006 5 47.89 27.62 134.97 
LT_329 2 3 2007 5 53.86 33.37 89.60 
LT_329 2 3 2008 5 186.53 2.09 240.42 
LT_329 2 3 2009 5 77.54 0.96 81.24 
LT_334 2 3 2006 1 113.42 16.06 160.46 
LT_334 2 3 2007 5 85.16 15.89 104.88 
LT_334 2 3 2008 1 90.44 24.12 148.90 
LT_334 2 3 2009 1 0.69 21.86 22.55 
LT_337 2 3 2006 3 120.41 23.70 145.47 
LT_337 2 3 2007 5 101.18 27.58 130.47 
LT_337 2 3 2008 3 141.38 21.53 185.17 
LT_337 2 3 2009 3 33.20 18.16 51.36 
LT_340 2 3 2006 1 120.98 22.39 163.72 
LT_340 2 3 2007 5 126.31 49.19 175.51 
LT_340 2 3 2008 1 153.02 10.41 195.40 
LT_340 2 3 2009 1 4.47 13.18 18.34 
LT_341 2 3 2006 5 147.41 12.31 173.50 
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LT_341 2 3 2008 5 207.22 16.17 226.42 
LT_341 2 3 2009 5 126.90 6.48 134.05 
LT_343 2 3 2006 3 139.22 29.70 182.53 
LT_343 2 3 2007 5 96.92 19.10 117.37 
LT_343 2 3 2008 3 122.51 8.72 166.33 
LT_343 2 3 2009 3 20.67 7.75 30.51 
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SITE 2 & 3 
UNITS (CM) 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2006 0.05 0.08 0 0 1.98 2.67 5.69 16.38 9.25 7.21 0.31 0.64 
2007 3.38 0.84 0.38 1.96 5.56 0.79 10.06 4.93 3.01 0.28 1.52 0.79 
2008 0.13 0.53 0 0 0.91 0.08 14.63 4.62 7.01 0.66 0.66 0.31 
2009 0 0 0 0 2.29 1.75 2.21 1.65 3.20 0.76 4.47 1.04 
 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2015 3.86 0.33 0.84 0.56 3.10 0.46 6.68 3.30 0.81 4.60 2.21 1.65 
2016 0.94 0 0 0.76 1.07 0.74 1.60 5.54 3.84 0.03 1.04 3.51 
2017 4.17 1.35 0.38 0.38 1.58 0.89 13.33 6.27 1.47 0.74 0.84 0.51 
2018 1.27 3.35 0.13 0 0.05 2.13 5.59 5.59 2.54 7.90 0 0 
 
SITE 1 & 4 
UNITS (CM) 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2014 0 0 0.84 0 0 0 6.48 6.27 6.65 1.85 0.25 1.45 
2015 3.76 0.18 0.76 0.46 3.25 0.41 13.13 2.74 0.64 3.12 1.78 1.55 
2016 0.76 0 0 1.24 0.71 0.30 3.51 10.08 5.44 0.66 2.29 3.25 
2017 4.52 1.47 0.15 0.25 1.22 4.95 9.32 6.76 0.10 2.01 0.84 0.41 
2018 0.03 3.15 0.23 0 0 2.90 4.14 0.84 3.02 7.92 0 0 
 
 
 
 
 
